Sensory abnormalities such as numbness and paresthesias are often the earliest symptoms in neuroinflammatory diseases including multiple sclerosis. The increased production of various cytokines occurs in the early stages of neuroinflammation and could have detrimental effects on the central nervous system, thereby contributing to sensory and cognitive deficits. However, it remains unknown whether and when elevation of cytokines causes changes in brain structure and function under inflammatory conditions. To address this question, we used a mouse model for experimental autoimmune encephalomyelitis (EAE) to examine the effect of inflammation and cytokine elevation on synaptic connections in the primary somatosensory cortex. Using in vivo two-photon microscopy, we found that the elimination and formation rates of dendritic spines and axonal boutons increased within 7 d of EAE induction-several days before the onset of paralysis-and continued to rise during the course of the disease. This synaptic instability occurred before T-cell infiltration and microglial activation in the central nervous system and was in conjunction with peripheral, but not central, production of TNF-α. Peripheral administration of a soluble TNF inhibitor prevented abnormal turnover of dendritic spines and axonal boutons in presymptomatic EAE mice. These findings indicate that peripheral production of TNF-α is a key mediator of synaptic instability in the primary somatosensory cortex and may contribute to sensory and cognitive deficits seen in autoimmune diseases.
S ensory, motor, and cognitive dysfunctions are common at the early stages of autoimmune diseases, including in more than half of multiple sclerosis (MS) patients (1) (2) (3) (4) (5) . The increased production of proinflammatory cytokines and infiltration of peripheral immune cells into the central nervous system (CNS) are closely associated with neuronal damage in the spinal cord and many brain regions (6) (7) (8) (9) (10) . Elevation of several cytokines such as TNF-α and IFN-γ precedes infiltration of peripheral immune cells and could have a significant impact on neuronal function (11) (12) (13) (14) (15) (16) (17) (18) (19) , potentially contributing to early sensory and cognitive impairments. However, the link between the cytokine elevation and CNS deficits in autoimmune diseases remains unclear.
Experimental autoimmune encephalomyelitis (EAE) is a commonly used animal model to study the pathogenesis and treatment of MS (20) . Previous studies have shown early behavioral changes, including decreased exploratory behavior and increased startle response before the onset of paralysis in EAE mice (21) . The mechanisms underlying these early behavioral changes remain to be addressed. In EAE, activated antigenspecific T cells migrate through the blood brain barrier (BBB) and subsequently recruit additional myeloid and lymphoid cells to the spinal cord and susceptible brain regions (22) (23) (24) . The resulting inflammatory cascade eventually leads to axonal loss and neuronal death. However, inflammatory infiltrates usually accompany the onset of clinical EAE and are therefore unlikely to contribute to sensory and behavioral deficits in presymptomatic mice. On the other hand, elevation of proinflammatory cytokines occurs during the early phase of EAE induction (25) . Cytokines such as TNF-α are produced by activated cells within peripheral lymphoid tissues as well as by CNS-resident microglia in response to a number of inflammatory stimuli. Peripherally produced TNF-α can enter the circulation and cross the BBB through active transport (26) (27) (28) or passively after pathologic BBB disruption (27, 29) . TNF-α has been shown to affect synaptic transmission and synaptic scaling (30) (31) (32) , as well as regulate the production of other cytokines and chemokines to impact neuronal function. The induction and progression of EAE can be inhibited by either i.p. or intracranial injection of anti-TNF antibodies (33) . Therefore, TNF-α elevation under pathological conditions could cause significant deficits in the CNS and contribute to behavioral abnormalities in EAE.
TNF-α is known to affect neuronal functions by acting at two receptor types, TNF receptor (TNFR)1 and TNFR2, each having divergent effects in the CNS (16, 34) . TNFR2 responds mainly to transmembrane TNF-α, which is thought to be a prosurvival signal. In contrast, TNFR1 responds mainly to circulating soluble TNF-α (solTNF) and plays a role in inflammation, proliferation, and neural migration. Activation of TNFR1 has been found to affect synaptic scaling by recruiting AMPA receptors to the postsynaptic cell membrane (30) (31) (32) . TNFR1 activation also initiates the JNK pathway thought to be involved in dendritic cytoskeleton stability via regulation of microtubules (16) . A dominant negative TNF inhibitor, XPro1595, blocks the effects of solTNF to selectively decrease the activation of TNFR1 (35, 36) . Recently, decreased activation of TNFR1 via XPro1595 has been shown to promote axonal integrity and improve clinical outcome of mice with EAE (10) .
In this study, we examined the changes in synaptic connections in the primary somatosensory cortex in response to inflammation in an EAE mouse model. Using transcranial two-photon microscopy (37, 38), we followed postsynaptic dendritic spines and presynaptic axonal boutons over time in mice immunized with myelin oligodendrocyte glycoprotein peptide (MOG ). We found that, in conjunction with an elevation of peripheral TNF-α production, the turnover of dendritic spines and axonal boutons was significantly increased in the cortex within 7 d of MOG immunization, several days before the onset of paralysis. The turnover of dendritic spines and axonal boutons continued to increase as the disease progressed. This early instability of cortical synaptic connections in EAE mice is independent of T-cell infiltration and microglia activation, but depends on the elevation of peripheral TNF-α in EAE mice.
Results
Dendritic Spine Turnover Increases in the Somatosensory Cortex of EAE Mice. To investigate whether alterations of cortical synapses occur in the early stages of EAE, we imaged postsynaptic dendritic spines of layer V pyramidal neurons in the somatosensory cortex before MOG immunization (day 0) and 7 d after immunization (Fig. 1A) . We found that none of the MOGimmunized mice displayed clinical symptoms of EAE by 7 d postimmunization, whereas most MOG-immunized mice began to exhibit signs of paralysis by day 10, and 100% by day 14 (Fig. 1B) . In contrast, the Mock control mice that received injections of complete Freund's adjuvant (CFA) and pertussis toxin but without MOG peptide showed no clinical symptoms by day 14 (Fig.  1B) . Notably, within the first 7 d, there was a significant increase in the elimination and formation rates of dendritic spines in EAE mice (elimination: 10.8 ± 1.0%; formation: 8.8 ± 1.3%, 976 spines, five animals; Fig. 1 A-H), compared with either the noinjection control or the Mock control. Consistent with previous studies (39) , the vast majority of dendritic spines persisted over 7 d in the no-injection control mice (elimination: 4.3 ± 0.5%; formation: 4.0 ± 0.5%, 636 spines, four animals). No significant difference in spine turnover was found between the no-injection and the Mock control mice (P > 0.08). These results indicate that MOG immunization leads to abnormally high turnover of postsynaptic dendritic spines in the somatosensory cortex before the onset of paralysis.
To further determine synaptic alterations as EAE progresses, we examined the elimination and formation rates of dendritic spines over 14 and 28 d after EAE induction (Fig. 1A) . We found that spine elimination and formation continued to increase in the clinical phase of EAE (Fig. 2) . Over 14 d, 14.6 ± 1.8% of spines were eliminated and 12.0 ± 0.4% of spines were formed in MOG-immunized mice, whereas only 7.2 ± 1.4% of spines were eliminated and 7.7 ± 1.0% of spines were formed in Mockimmunized mice (P < 0.05; Fig. 2A ). This elevated spine turnover was sustained over 28 d in EAE mice (elimination: 19.6 ± 1.5%; formation: 16.3 ± 3.9%; Fig. 2B ). Although there was no significant difference in spine turnover over 7 d between the noinjection control and the Mock control mice, the spine turnover of Mock-immunized mice was significantly higher than that of the no-injection control over 14 and 28 d (P < 0.05), suggesting that CFA and/or pertussis toxin also affect the dynamics of synapses over the long term. We did not observe significant changes of total spine number within the first month after EAE induction ( Fig. 2 C and D) .
Axonal Bouton Turnover Increases in the Cortex of EAE Mice. To further investigate synaptic alterations in EAE mice, we analyzed the dynamics of axonal boutons before and after the onset of paralysis. Previous studies have shown that the majority of axonal boutons are in contact with postsynaptic structures (40) . Consistent with the increased dendritic spine turnover after EAE induction, we found a significant increase in the dynamics of axonal boutons as early as 7 d post-MOG immunization compared with the no-injection control and the Mock-immunized control. Over 7 d, 4.4 ± 0.5% of boutons were eliminated and 5.5 ± 0.9% were formed in EAE mice whereas only 2.3 ± 0.5% of boutons were eliminated and 2.3 ± 0.5% were formed in Mock-immunized mice (P < 0.05, Fig. 3 A and B) . The elimination and formation of axonal boutons continued to increase in EAE mice in comparison with Mock control after the disease onset (P < 0.05). Over 14 d, 6.5 ± 0.9% of boutons were eliminated and 6.4 ± 0.7% were formed in EAE mice, whereas only 3.5 ± 0.6% of boutons were eliminated and 3.5 ± 0.9% were formed in Mock-immunized controls (Fig. 3C ). Elevated turnover of axonal boutons was sustained through the first month after EAE induction (Fig. 3D) .
Absence of T-Cell Infiltration and Microglial Activation in Presymptomatic EAE Mice. To determine whether T-cell infiltration is involved in the synaptic structural instability in the cortex of presymptomatic EAE mice, we examined the CNS for the presence of CD4 + or CD8 + cells at day 7 postimmunization. We observed no increase in either population in the CNS of presymptomatic EAE mice (Fig. 4 A and B) , suggesting that T-cell infiltration is unlikely to be responsible for the early synaptic instability. Activation of microglia has been previously reported to occur around the onset of clinical EAE symptoms within specific brain regions (41) . To determine whether microglial activation occurs early in the somatosensory cortex, we first examined Iba-1 + (ionized calcium-binding adaptor molecule 1) microglia for evidence of histological change within the primary somatosensory cortex at day 7 postimmunization. There was no detectable change in the number or morphology of Iba-1 + cells in MOGimmunized animals compared with Mock-immunized controls ( Fig. 4 C and D) . We next examined changes in immunological markers characteristic of activation in both microglial and nonmicroglial CNS myeloid populations at day 7 postimmunization ( at day 7 postimmunization and therefore are unlikely to account for early synaptic alterations in the somatosensory cortex.
Peripheral Production of TNF-α Is Important for Early Synaptic
Alteration. The initiating events in EAE induction require antigen presentation and clonal T-cell expansion within peripheral lymphoid tissues including the draining lymph nodes (42) . Accompanying these events is an increase in the production and circulation of numerous cytokines including TNF-α. It has been shown that the expression of the cytokines in brain tissue increases during EAE onset and decreases during the recovery phase (25) . Because TNF-α has been shown to have significant effects on synaptic functions (28), we assayed for increased protein and mRNA levels of TNF-α in both the CNS and peripheral lymphoid tissues at days 7, 14, and 28 postimmunization. At day 7 postimmunization, a significant increase in TNF-α protein was observed in both the serum and the CNS of MOGimmunized animals compared with the Mock controls ( Fig. 5 A  and B) . On the other hand, elevated TNF-α mRNA levels rose significantly in the draining lymph nodes and spleen of MOGimmunized animals, but not in CNS tissues at day 7 ( Fig. 5 C-E) . At day 14 postimmunization, TNF-α mRNA and protein levels were significantly elevated in both peripheral and CNS tissues ( Fig. 5 A-E). By day 28 postimmunization, TNF-α mRNA and protein were significantly elevated only in CNS tissues. Taken together, these results indicate that during the period of early synaptic alteration (day 7 postimmunization) TNF-α is produced in the peripheral lymphatic tissues, but can be found in the circulation and within the CNS. The production and distribution of TNF-α change at later time points with a shift from peripheral to CNS tissues by day 28 postimmunization. To investigate whether the observed peripheral elevation of TNF-α is important for synaptic alterations in the somatosensory cortex, we examined the effect of chronic inhibition of TNF-α on dendritic spine and axonal bouton plasticity by applying a dominant negative form of TNF-α (DN-TNF) for 1 wk (10 mg/kg body weight, 1-2 times per day) after MOG immunization. DN-TNF selectively decreases activation of TNFR1 by blocking the effects of circulating soluble TNF-α (35, 36) . This inhibition resulted in a significant reduction in the rate of spine elimination and formation in MOG-immunized mice (elimination: 4.6 ± 0.6%; formation: 4.8 ± 0.7%, 743 spines, five animals) (Fig. 5F ). The elevated turnover of axonal boutons over the first week post-MOG immunization was also reduced in DN-TNF-treated animals (elimination: 2.9% ± 0.1%; formation: 2.7% ± 0.4%; 482 boutons, five animals; Fig. 5G ). These results indicate that peripheral elevation of TNF-α has a critical role in early synaptic alterations in EAE mice.
Discussion
Our study demonstrates that peripheral TNF-α production in preclinical EAE readily causes instability of synaptic connections in the cortex. Using in vivo two-photon microscopy, we observed increased turnover of both postsynaptic dendritic spines and presynaptic axonal boutons in the somatosensory cortex of presymptomatic EAE mice. These early alterations of synaptic structural dynamics were observed in conjunction with increased peripheral lymphoid TNF-α production and in the absence of increased production in CNS tissues or microglial activation. Peripheral administration of a soluble TNF inhibitor blocked the abnormal plasticity of dendritic spines and axonal boutons observed in presymptomatic EAE mice, suggesting that TNF-α plays a crucial role in inflammation-mediated changes in synaptic connections in the sensory cortex.
Previous studies have shown that the majority of dendritic spines persist in the adult cortex and are likely essential for information processing and memory storage (43, 44) . The abnormally high turnover of cortical connections suggests the disruption of stably maintained synaptic networks, which likely contributes to impaired cortical function. Consistent with this notion, EAE mice display behavioral changes early in the disease course, before the onset of paralysis. Previous research has described an EAE-associated behavioral syndrome, including reduced consumption of sucrose solution, decreased exploratory behavior, and increased startle response occurring several days before the onset of clinical motor symptoms (21) . Furthermore, EAE shares many pathological features with MS (20) . Patients with MS, even at early stages of the disease, have been shown to have sensory deficits (1) (2) (3) (4) (5) and decreased performance on memory tasks with changes in cortical functional MRI activity levels (45) . Thus, the early synaptic abnormalities observed in our studies may similarly occur in MS and contribute to the early cortical deficits. In addition, persistent synaptic alterations observed in the cortex of EAE mice may have important implications for the study of human MS as gray matter pathology in both diseases appears to be independent of T-cell infiltration (46) . Future studies are needed to investigate how the elevation of cytokines and other factors including microglial activation contribute to cortical damage at specific stages of EAE and MS. Although T-cell infiltration is a necessary event for EAEinduced CNS demyelination (23), destabilization of synaptic connections in the cortex was initiated in the absence of T-cell infiltration or microglial activation. Instead, we found that, accompanying early alterations in synaptic structural plasticity, TNF-α production was increased in peripheral lymphoid, but not CNS tissues. Blocking soluble TNF-α with DN-TNF prevented cortical synaptic instability in EAE mice. Peripherally produced TNF-α can cross the BBB through active transport (26) (27) (28) , and TNF transporters have been identified on BBB endothelial cells (28) . Additionally, TNF-α may also passively cross the BBB due to pathologic BBB disruption in EAE (27, 29) . Once in the brain, TNF-α may affect synaptic plasticity directly through TNFR1 at cortical neurons to increase synaptic plasticity. TNF-α is known to affect dendrite morphology via the modulation of NF-κB (47) and modify synaptic strength via increased expression of AMPA receptors (31) . TNF-α has also been shown to trigger the release of brain-derived neurotrophic factor, which is a potent regulator of synaptic plasticity (48) (49) (50) . Furthermore, inhibiting soluble TNF-α decreases downstream expression of IFN-γ, IL-1β, IL-6, or CCL2 [chemokine (C-C motif) ligand 2] in the periphery (10). Because IFN-γ and IL1-β are important regulators of neuronal functions (51), selectively blocking soluble TNF-α activity with DN-TNF may indirectly affect synaptic plasticity by regulating the production of other cytokines. Finally, TNF-α signaling through TNFR1 is required for vascular cell adhesion molecule 1 expression on astrocytes and could play an important role in facilitating the infiltration of effector T cells into the CNS parenchyma and causing subsequent neuronal damage in EAE (52, 53) . The detailed mechanisms underlying the effect of TNF-α on cortical synaptic plasticity at different stages of EAE remain to be determined.
The effect of cytokines such as TNF-α on the cortex may play a broad role in neuropathology. High serum levels of TNF-α are associated with neuropsychiatric disorders such as major depressive disorder (11, 54) , abnormalities of brain development including autism (55) , autoimmune diseases such as multiple sclerosis and rheumatoid arthritis (56), postoperative cognitive decline (57) , and neurodegenerative diseases such as Alzheimer's disease (58) . High serum cytokine levels in patients immunized with lipopolysaccharide or Salmonella typhi vaccination has been associated with cognitive changes including mental confusion (17) and depressive symptoms including psychomotor retardation (11, 59) . The potent effect of cytokines on cortical plasticity and cognition likely extends beyond EAE and may have wider implications in human disease.
Our findings indicate that peripheral TNF-α production plays a crucial role in synaptic instability observed in EAE mice, suggesting that blocking soluble TNF may prevent synaptic pathology and associated sensory and cognitive dysfunction. Indeed, many studies have shown that systemic or intracranial administration of anti-TNF antibodies inhibits the induction and/or progression of EAE (33, 60) . It is important to note that although anti-TNF therapy is mostly beneficial for the treatment of EAE, it increases disease severity and progression in MS patients (60) . Data are presented as mean ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001.
A polymorphism of multiple sclerosis in the TNFRSF1A gene, encoding for TNFR1, has been shown to mimic TNF blockade and cause a more severe clinical outcome (61) . Future studies are needed to investigate the reasons for differential responses to anti-TNF therapy among EAE, MS, and other neuroinflammatory diseases. Recent studies have indicated that inhibiting TNF-α production reverses hippocampal-dependent cognitive deficits in rats injected with lipopolysaccharide (62) . Additionally, a double-blind randomized controlled trial of the TNF inhibitor infliximab in patients with treatment-refractory depression shows that patients with high serum levels of inflammatory marker C-reactive protein experience relief of depressive symptoms (63) . Thus, selectively targeting soluble TNF-α and preferentially preventing activation of TNFR1 and synaptic instability may serve as a potential therapeutic target to prevent cognitive symptoms in many neuroinflammatory diseases.
Materials and Methods
Experimental Animals and EAE Induction. C57BL/6J mice and mice expressing YFP in layer V pyramidal neurons (H-line) were purchased from the Jackson Laboratory. All animals were group-housed at the Skirball Institute Central Animal Facility, New York University School of Medicine. All animal experiments were approved by the Institutional Animal Care and Use Committee at New York University. For EAE induction, mice were injected s.c. with 200 μg MOG peptide emulsified in CFA supplemented with 4 mg/mL Mycobacterium tuberculosis H37 RA. Each mouse received two i.p. injections (200 ng each) of pertussis toxin at days 0 and 2 postimmunization. EAE was scored as previously described (64): level 1, limp tail; level 2, hind-leg weakness or partial paralysis; level 3, total hind-leg paralysis; level 4, hindleg paralysis and front-leg weakness or partial paralysis; level 5, moribund. For the TNF inhibitor experiment, immediately after EAE induction, mice received daily i.p. injections of XPro1595 (10 mg/kg) for 7 consecutive days.
In Vivo Transcranial Two-Photon Imaging. Dendritic spines and axonal boutons in the mouse somatosensory cortex were imaged with a two-photon microscope through a thinned-skull window. This procedure has been described in detail previously (38) . In brief, YFP-H transgenic mice were deeply anesthetized with an i.p. injection of a mixture of ketamine (100 mg/kg) and xylazine (15 mg/kg). The mouse head was shaved and the skull surface was exposed with a midline incision. The region (∼0.2 mm in diameter) to be imaged was identified over primary somatosensory cortex based on stereotaxic coordinates (1.1 mm posterior from bregma and 3.4 mm lateral from the midline). After removing the periosteum tissue, a custom-made steel plate was glued onto the skull to immobilize the head. To create a cranial window for imaging, a high-speed microdrill was used to remove the external layer of the compact bone and the most spongy bone. A microsurgical blade was then used to continue the thinning process until the cranial surface was ∼20 μm in thickness. A high-quality picture of the brain vasculature was taken with a CCD camera mounted on the dissection microscope and used as a landmark for future relocation. Image stacks of neuronal processes within a depth of 100 μm from the pial surface were obtained with a two-photon laser tuned to 920 nm and using a 1.1 N.A. 60× water-immersion objective, yielding a full 3D data set of dendrites and axons in the area of interest. After imaging, the plate was gently detached from the skull, and the scalp was sutured with 6-0 silk. The animals were returned to their home cages until the next viewing.
Imaging Data Analysis. National Institutes of Health ImageJ software was used to analyze image stacks. The same dendritic and axonal segments were identified from 3D stacks taken from different time points with high image quality with a ratio of signal to background noise >4:1. The number and location of dendritic protrusions, defined as extensions more than one-third of dendritic shaft diameter, were identified without prior knowledge of the animal's age, interval between views, or the order of the views. The total number of spines or boutons (n) was pooled from dendritic or axonal segments of different animals. Filopodia were identified as long thin structures, defined as extensions larger than twice the average spine length with a ratio of head diameter to neck diameter <1.2:1 and a ratio of length to neck diameter >3:1. The remaining protrusions were classified as spines. No subtypes of spines were separated. Axonal boutons were identified as the enlarged structure along axons that are at least three times brighter than the adjacent axonal shaft. Spines or axonal boutons were considered the same between views if their positions remained the same distance from relative adjacent landmarks and were considered different if they were more than 0.7 μm away from their expected positions based on the prior view. P values were calculated using the Student t test. Differences were considered significant when P < 0.05.
ELISA. Mice were deeply anesthetized, and whole blood was collected by ventricular puncture. Mice were then perfused with 40 mL of Ca 2+ /Mg 2+ -free Dulbecco's PBS (DPBS) to remove remaining blood. Blood samples were incubated for 15 min at room temperature and then centrifuged at 1,000 × g for 10 min to generate serum fractions. CNS tissues were harvested and disrupted by sonication in Nonidet P-40 lysis buffer [50 mM Tris, pH 7.4, 150 mM NaCl, 1% (vol/vol) Nonidet P-40, 0.1% (vol/vol) Triton X-100, and 0.1% (wt/vol) SDS] supplemented with protease inhibitors. The homogenized material was centrifuged at 20,000 × g for 15 min, and the cleared supernatant was collected for analysis. Total protein levels in CNS homogenates were determined by the bicinchoninic acid assay (Pierce). TNF-α levels were measured using the Mouse TNF-α Platinum ELISA kit (eBioscience) according to the manufacturer's instructions.
Flow Cytometry. Mice were deeply anesthetized and perfused with 40 mL of Ca 2+ /Mg 2+ -free DPBS. It has been shown that effector T cells crawl against blood flow along the walls of meningeal vessels within 24 h of adoptive T-cell transfer in a mouse model of EAE (52) . Therefore, the step of perfusing animals before homogenizing brains to assess with flow cytometry is important to remove "passenger" lymphocytes within blood vessels. The spleen and CNS tissues were removed and placed in DPBS with 2% (vol/vol) FCS. Singlecell suspensions of spleen and CNS were prepared. For CNS tissue single-cell preparation, brains were minced, and 300 U of collaganse D (Roche) was added followed by incubation at 37°C for 30 min. Collagenase was inactivated by the addition of 12.5 mM EDTA for an additional 5-min incubation at 37°C. Digested material was passed through a 100-μM cell strainer, followed by a continuous 38% Percoll gradient at 2,000 × g. The resulting CNS cell pellets and splenic suspensions were resuspended in FACS buffer. Nonspecific binding to Immunohistochemistry. Mice were anesthetized and perfused with PBS and fixed overnight in 4% (wt/vol) paraformaldehyde at 4°C. Tissue was rinsed three times with PBS, embedded in 2% (wt/vol) agarose, and sectioned at 150 μm with a vibratome. Sections were permeabilized in 1% (vol/vol) Titron X-100 in PBS for 3 h and blocked with 5% (vol/vol) normal goat serum for 1 h. Sections were incubated with primary antibody against Iba-1 (Wako) diluted 1:500 in blocking solution overnight, washed three times with PBS/0.05% (vol/vol) Tween-20, and then incubated with Alexafluor 555-conjugated goat anti-rabbit IgG secondary antibody 1:500 in PBS for 2 h. Sections were washed as before and mounted for imaging. Confocal images were obtained on a Bio-Rad Radiance 2000 confocal microscope. Z-projections from multiple imaging planes were generated using Image-J software. The percentage of Iba-1 + area was calculated by making a binary image from the Z-projection and using the Image-J "analyze particle" routine.
Quantitative RT-PCR. Mice were deeply anesthetized and perfused with 40 mL of Ca 2+ /Mg 2+ -free DPBS. Brachial and inguinal lymph nodes, spleen, and CNS were removed from each animal and placed into TRIzol reagent (Life Technologies). Tissue was homogenized with an Omni TH tissue homogenizer, and mRNA extraction was performed according to the manufacturer's instructions. Contaminating genomic DNA was removed using the Turbo RNase-free kit (Ambion). cDNA was generated from 1 μg of total RNA using SuperScript II with random hexamers (Life Technologies). Quantitative PCR was performed on a MyIQ thermal cycler (Bio-Rad) with Maxima SYBR Green Mastermix (Fermentas). The following primers were used for PCR amplification: TNF-α (5′-TCGTAGCAAACCACCAAGTG-3′ and 5′-CCTTGAAGAGAAC-CTGGGAGT-3′) and β-actin (5′-GAGGCCCAGAGCAAGAGAGG-3′ and 5′-GTA-CTTGCGCTCAGGAGGAGC-3′).
